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ABSTRACT 
A g e n e r a l   s t u d y  w a s  p e r f o r m e d   t o   o u t l i n e   m e t h o d s   f o r   t h e  
i m p r o v e m e n t   o f   h u m a n   s u r v i v a l   i n   c i v i l i a n   a i r c r a s t  emer- 
g e n c i e s .   S u r v i v a l   c o n d i t i o n   c r i t e r i a ,   a c c i d e n t  s t a t i s t i c s  
a n d   h u m a n   t o l e r a n c e  l imits h a v e   b e e n   s u r v e y e d   w i t h   r e s p e c t  
t o   t h o s e   a i r c r a f t   u s e d   i n   t w o   c a t e g o r i e s :   c e r t i f j c a t e d  a i r  
c a r r i e r s   a n d   g e n e r a l - p r i v a t e   a v i a t i o n   ( i n c l u d i n g   o f f i c i a l  
e x e c u t i v e   a i r c r a f t ) .   T h e   m e t h o d s   p r e s e n t e d   i n   t h i s   r e p o r t  
f o r  a i r c r a f t  o c c u p a n t   s u r v i v a l   + m p r o v e m e n t   f a l l   i n t o   t h e  
g e n e r a l  a r e a s  o f   o c c u p a n t   p r o t e c t i o n   t h r o u g h  s ea t  d e s i g n  
a n d   o c c u p a n t   r e s t r a i n t   - i m p r o v e m e n t   t o   w i t h s t a n d   i m p a c t  
a c c e l e r a t i o n s  w h i c h  a r e  a p p l i e d   t o   t h e  a i r c r a f t .  
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FOREWORD 
This volume b r i e f l y  d e s c r i b e s  how s u r v i v a l   i n  aircraft  
emergencies can be improved by optimum aircraft  i n t e r i o r  and 
seat system design t o  a id  occupant  res t ra in t ,  suppor t  and 
pro tec t ion .  This  effort is conducted under the Life Support 
and Pro tec t ive  Systems subprogram of t h e  Human Factors Systems 
Program, a l i n e  i t e m  of the  Congressional  Authorizat ion t o  t h e  
National Aeronautics and Space Administration. 
As a follow-on e f f o r t   t h e  Ames Research  Center, Mof f e t t  
F ie ld ,  Ca l i fo rn ia ,  is  conducting for t h e  Human Fac tors  Program 
a developmental  effor t  t o  design, develop, and eva lua te  a 
p ro to type  sea t / r e s t r a in t  sys t em fo r  improved crash and v ib ra t ion  
p ro tec t ion .  The latest  developments i n  energy-absorption tech- 
n iques ,  p ro t ec t ive  s t ruc tu res ,  and full-body emergency r e s t r a i n t  
methods w i l l  be a p p l i e d   t o   t h  problem. , -  
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SUMMARY 
S u r v i v a l   i n   a i r c r a f t   e m e r g e n c i e s   c a n   b e   i m p r o v e d ,   g e n e r a l l y  
s p e a k i n g , b y   i m p r o v e d   a i r c r a f t   i n t e r i o r   a n d  s ea t  d e s i g n   t o  
a i d   o c c u p a n t   r e s t r a i n t   a n d   p r o t e c t i o n .   T h i s   w o u l d   r e d u c e  
i n j u r i e s   a n d   f a t a l i t i e s   i n   t h o s e   a c c i d e n t s   i n   w h i c h   t h e  a i r -  
c r a f t   i n c u r s   s u b s t a n t i a l   d a m a g e   b u t   n e v e r t h e l e s s   r e m a i n s   a d -  
e q u a t e l y   i n t a c t   f o r   o c c u p a n t   s u r v i v a l .  
T h i s   r e p o r t   e m p h a s i z e s   o c c u p a n t   s e a t i n g   a n d   r e s t r a i n t  i m -  
p r o v e m e n t  as r e l a t e d  t o :  
(1 )  c e r t i f i c a t e d  a i r  c a r r i e r   t r a n s p o r t   a i r c r a f t  
h a v i n g   l a r g e   p a s s e n g e r   c a p a c i t y ,  
( 2 )  g e n e r a l / p r i v a t e   a v i a t i o n   a i r c r a f t   h a v i n g  a 
f e w   o c c u p a n t s .  
A i r c r a f t   a c c i d e n t   s t a t i s t i c s   s h o w   t h a t   s u b s t a n t i a l   d a m a g e  i s  
s u s t a i n e d  i n  n e a r l y  70  p e r c e n t   o f  a l l  a i r c r a f t  a c c i d e n t s  b u t  
t h a t   t h e   f u s e l a g e   r e m a i n s   s u f f i c i e n t l y   i n t a c t   f o r  human s u r -  
v i v a l .   O c c u p a n t s   c a n   b e   p r o t e c t e d   a g a i n s t   i n j u r y   i n   t h i s   t y p e  
o f   a c c i d e n t   b y   m e a n s   o f   e n e r g y   a b s o r p t i o n  s e a t  d e s i g n s ,   p r o -  
t e c t i v e  s e a t  s t r u c t u r e   w i t h   i m p r o v e d   f u l l   b o d y   r e s t r a i n ' t ,   a n d  
s a f e t y   c o n s c i o u s n e s s   i n   i n t e r i o r   c a b i n   d e c o r .   I n t e r n a l   i m p r o v e -  
m k n t s   w o u l d   t h e r e f o r e   h a v e   b e n e f i c i a l   u t i l i z a t i o n   i n   t h e  
m a j o r i t y   o f   a i r c r a f t   a c c i d e n t s   a n d   p r o v i d e   i m m e d i a t e  a r e a s  f o r  
i m p r o v e m e n t .  
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INTRODUCTION 
The  civil  Aeronautics  Board  classifies  an  aircraft  accident  as 
the  occurrenceincident  to  flight  in  which, as a result  of  the 
operation  of  an  aircraft,  any  person  (occupant  or  non-occupant) 
receives  fatal  or  serious  injury,or  any  aircraft  receives  sub- 
stantial  damage. h aircraft  accident  incident  to  flight  is 
further  defined  as  an  accident  which  occurs  between  the  time 
an  engine  orengines  are  started  for  the  purpose of commencing 
flight  until  the  aircraft  comes  to  rest  with  all  engines  stopped 
for  complete  or  partial  deplaning  or  unloading.  It  excludes 
death  or  injuries  to  persons  on  board  which  result  from  illness, 
altercations,  and  other  incidents  not  directly  attributable 
to  flight  operations.  This  report  refers  to  an  aircraft  emer- 
gency  as a situation  in  which  an  aircraft  accident  results. 
The  problem of improving  the  chance  of  human  survival  in  air- 
craft  emergencies  arises  out  of  the  increasing  numbers  of 
persons  using  aircraft  as  well  as  the  widely  diversified  per- 
formance  and  application  of  these  aircraft.  The  provision  of 
survival  aids  to  meet  an  aircraft  emergency  have  not  kept  pace 
with  the  capability  of  an  aircraft  to  transfer  people  into 
environmental  conditions  beyond  human  tolerance.  The  problem 
is  most  acute  in  all  fields  of  civil  aviation  where  manufactur- 
ing  and  operating  economics  are  strong  factors. 
This  report  presents  concepts,  analyses,  and  evaluation of  prac- 
tical  survival  methods  that  may be applied  to  civilian  aircraft. 
Two  categories  of  aircraft  have  been  considered  in  the  study: 
(1) certificated  air  carrier  aircraft,  and ( 2 )  general  private 
aviation  aircraft  (including  executive  official  aircraft.) 
Consideration is given  to  human  tolerance,  aircraft  impact  vel- 
ocity  and  angle,  the  type  of  aircraft  operation,  the  accident 
statistics  that  indicate  predominate  problem  areas,  and  survival 
improvement  concepts  that  can  be  applied  inside  of  the  aircraft 
to accomplish  human  protection. 
The  study  as  reported,  proceeds  first  to  define  the  extent  of 
the  survival  improvement  problem  in  terms  of  aircraft  accident 
statistics;  and  in  terms of physical  factors  such  as  velocity, 
acceleration,  and  human  tolerance. 
Thereafter,  methods  for  survival  improvement  are  presented  that 
would  be  applied  internal  tc  the  aircraft  to  maintain  conditions 
of  occupant  tolerance by means  of  seat  design  and  occupant  res- 
traint, 
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SURVIVAL CRITERIA 
S u r v i v a b l e  A i r c r a f t  A c c i d e n t s  
T h e r e  a r e  m a n y   c o n d i t i o n s   t h a t   a n   o c c u p a n t  i s  e x p o s e d  t o  a n d  
m u s t   w i t h s t a n d   i n   o r d e r   t o   s u r v i v e   a n   a i r c r a f t   a c c i d e n t .  
A s s u m i n g   t h e   a i r c r a f t   f u s e l a g e   r e m a i n s   s t r u c t u r a l l y   i n t a c t ,  
t h e   p a s s e n g e r   m u s t   b e   p r o t e c t e d   f r o m   s e v e r e   i m p a c t   f o r c e s ,  
s m o k e ,   f i r e   a n d   f u m e s ,   a n d   t h e n   h e   m u s t   b e   g i v e n  a means  
f o r   i m m e d i a t e   v a c u a t i o n .   T h e   f i r s t   a n d   f o r e m o s t   r e q u i r e m e n t  
t o  b e  m e t  i n  o r d e r  f o r  t h e  o c c u p a n t  t o  s u r v i v e  i s  t h a t  t h e  
a i r c r a f t   f u s e l a g e   m u s t   r e m a i n   s u b s t a n t i a l l y   i n t a c t .   W h i l e  
f i r e s   m u s t   b e   s u p r e s s e d   a n d   t h e   p a s s e n g e r s   m u s t   b e   p r o t e c t e d  
f r o m   s m o k e   a n d   f u m e s , a n d   t h e n   e v a c u a t e d ,   n o n e   o f   t h e s e   c a n  
b e  v e r y  u s e f u l  w i t h o u t  m a i n t a i n i n g  s t r u c t u r a l  i n t e g r i t y  o f  
t h e   o c c u p a n t  a r e a .  
T h i s   r e p o r t   d e a l s   p r i m a r i l y   w i t h   t h e   p r o b l e m   o f   p r o t e c t i n g  
t h e   a i r c r a f t   o c c u p a n t s   f r o m   s e v e r e   i m p a c t   f o r c e s .  A s u r v i v a b l e  
a i r c r a f t   a c c i d e n t  i s  t h e r e f o r e   d e f i n e d   f o r   t h i s   s t u d y  as o n e   i n  
w h i c h   t h e   o c c u p i e d   c o c k p i t   a n d / o r   f u s e l a g e   r e m a i n   r e l a t i v e l y  
w h o l e   a f t e r   i m p a c t .   T h e   m e t h o d s   s t u d i e d   a n d   p r e s e n t e d   i n   t h i s  
r e p o r t  a r e  t h e r e f o r e   c o n c e r n e d   w i t h   o c c u p a n t   s t r u c t u r a l   p r o -  
t e c t i o n ;   a n d   i m p r o v i n g   t h e   o c c u p a n t  sea t  a n d   r e s t r a i n t   s t r u c -  
t u r e  s o  a s  t o   b e   c o m p a t i b l e   w i t h   h u m a n   i m p a c t   a n d   a c c e l e r a t i o n  
t o l e r a n c e s .  
Two a s p e c t s   o f   s u r v i v a l   c r i t e r i a   e x i s t .   O n e   h a s   t o   d o   w i t h   t h e  
a i r c r a f t   s t r u c t u r e   c a p a b i l i t y   a n d   t h e   o t h e r   h a s   t o   d o   w i t h   t h e  
o c c u p a n t - s e a t   s t r u c t u r a l   c a p a b i l i t y .   S i n c e   t h e   i m p o s e d   f o r c e s  
a r e  d e p e n d e n t   u p o n   t h e   v e l o c i t y   c h a n g e s   t h a t   o c c u r   w i t h   d i s t a n c e  
a n d  t i m e ,  i t  i s  p o s s i b l e   t o   p r e s e n t   t h e  l i m i t s  o f   s t r u c t u r a l  
c a p a b i l i t y   i n   t h e s e  t e r m s .  S i m i l a r l y ,  t h e   o c c u p a n t   h a s   a c c e l e r a -  
t i o n   t o l e r a n c e s   b e y o n d   w h i c h   h e   s u s t a i n s   i n j u r y .  An e s t i m a t e  
o f   t h e s e   l i m i t a t i o n s  a r e  g i v e n   i n   F i g u r e  1 ,  a n d   e x p r e s s e d   i n  
t e rms  o f   v e l o c i t y   c h a n g e   a n d   d e c e l e r a t i o n   d i s t a n c e .  
A s  s h o w n   i n   F i g u r e  1,  o n e  r e a l  limit p l a c e d   u p o n   t h e   o c c u p a n t  
i s  t h a t   a v a i l a b l e   d i s t a n c e   u n d e r   w h i c h   h e  m a y  b e   d e c e l e r a t e d .  
T h i s  l i m i t  i s  p l a c e d   u p o n   t h e   o c c u p a n t  b y  s u r r o u n d i n g  s e a t s ,  
b y   t h e   c o c k p i t   e n v e l o p e ,   o r  by t h e   d i s t a n c e .   f r o m   t h e   b o t t o m   o f  
t h e  s ea t  t o   t h e   f l o o r .   T h e   o c c u p a n t   m u s t   b e   d e c e l e r a t e d   w i t h i n  
t h i s   s p a c e   l i m i t a t i o n .  
Data o n  t h e  a c c e l e r a t i o n  t o l e r a n c e  o f  t y p i c a l  a i r c r a f t  o c c u p a n t s  
( m e n ,  women a n d   c h i l d r e n )  i s  n o t   a v a i l a b l e .   W h i l e  i t  i s  known 
t h a t   s o m e   p e r s o n s   h a v e   e x p e r i e n c e d   a n d   t o l e r a t e d   v e r y   h i g h  
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acceleration  forces,  with a wide  variety  of  passengers a 10 g 
limitation  would  be  reasonable  for  design.  With a 10 g limit- 
ation  for  design  and  the  space  available  to  the  seat  for 
displacement  it  can  be  seen  in  Figure 1 that  the  relative 
occupant  velocities  with  objects  in  the  cabin  should  be 
limited  to  about 25 ft/sec. Velocities  in  excess 0% this 
amount  are  likely  to  cause  injury  to  the  passenger. 
Crashworthiness 
Figure 1 gives  some  idea  of  the  limits  for  aircraft  structure 
and  for  occupants  under a crash  environment.  The  aircraft 
longitudinal  deceleration  distance  covers a wide  range  because 
of  various  horizontal  sliding  resistance  conditions.  Hori- 
zontal  velocities  in  excess  of  about  180  ft/sec.  might be tol- 
erated by the  aircraft  provided it does  not  meet  strong  vertical 
obstacles,  steep  embankments, o r  have  severe  attitudes.  Sliding 
action  permits  the  deceleration  distance  in  the  longitudinal 
direction  to be much  larger  than  the  actual  length  of  the  air- 
craft.  Objects  approached  longitudinally  may  often  result  in 
the fuselage  remaining  relatively  intact. 
The  ability  of  the  aircraft  fuselage  to  attenuate  vertical  vel- 
ocity  is  fixed by the  fuselage  diameter.  Vertical  velocity 
tolerance  is  therefore  much  less  than  that  for  the  longitudinal 
direction.  The  only  means  attenuating  the  vertical  velocity  is 
crushing of the  aircraft  diameter. rn the  case of most  trans- 
ports,  perhaps  four o r  five  feet  of  fuselage  can  be  deformed 
before  the  interior  cabin  floor  structure  reaches  ground  level. 
As  illustrated  in  Figure 1 ,  this  deformation  might  allow a 30 
o r  40  foot  per  second  vertical  velocity  to be tolerated  and 
still  maintain  reasonable  occupied  fuselage  structural  integrity. 
Approximate  survivable  impact  conditions  found  in  some  transport 
crashes  investigated by Av-Ser  (reference 3 and 7 )  were  as 
follows: 
150  knots  forward  speed 
15  degrees  nose  down  pitch  angle 
30 degrees  yaw  angle  to  either  side  of  the  longitudinal 
axis  of  the  aircraft. 
a resultant  crash  force  angle  within  an  arc  extend- 
ing  from 15 degrees  above  to  45  degrees  below  the 
longitudinal  aircraft  axis  in  the  vertical  plane  and 
parallel  to  the  longitudinal  axis. 
impact  against  and a deceleration  on  reasonably 
level  terrain  having  the  general  density  of  plowed 
ground. 
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T h e s e   c o n d i t i o n s  a r e  g e n e r a l l y   i n   k e e p i n g   w i t h   t h o s e   o u t l i n e d   i n  
F i g u r e  1. T h e   v e l o c i t y   a n d   i m p a c t   a n g l e  a t  w h i c h   t h e   f u s e -  
l a g e   c o m m e n c e s   t o   u n d e r g o   s e v e r e   d e s t r u c t i o n  i s  s h o w n   i n   F i g u r e   2 .  
T h i s  i s  r o u g h l y   c o m p a t i b l e   w i t h   t h e   A v - S e r   f i n d i n g s   f o r   s u r v i v a b l e -  
u n s u r v i v a b l e   c o n d i t i o n s   f o u n d   i n   s o m e   t r a n s p o r t s ;  as w e l l  as  b e i n g  
r o u g h l y   c o m p a t i b l e   w i t h   F i g u r e  1. T o   t h i s   d a t e ,   v e r y  l i t t l e  t e s t  
d a t a  i s  a v a i l a b l e  t h a t  w o u l d  a l l o w  a m o r e   e x a c t   d e f i n i t i o n   o f  
t h e   s u r v i v a b l e   a c c i d e n t   b o u n d a r i e s   f o r   a i r c r a f t   s t r u c t u r e s .  
L o o k i n g  a t  F i g u r e  2 i t  c a n   b e   s e e n   t h a t   t h e   r e g i o n   f o r   s u r v i v -  
a b i l i t y  e x t e n d s  u p  t o  a n  a i r c r a f t  v e l o c i t y  o f  a b o u t  1 4 0  m i l e s  
p e r   h o u r   f o r   h o r i z o n t a l   i m p a c t   a n g l e s .  A s  t h e   f l i g h t   p a t h  
a n g l e   i n c r e a s e s   t h e   t o l e r a t i o n   o f   t h e   a i r c r a f t   d e c r e a s e s ,   u n t i l  
a t  a b o u t  7 0  d e g r e e s ,   t h e   t o l e r a b l e   v e l o c i t y   p r o b a b l y   d r o p s   t o  
n e a r   z e r o .  
O c c u p a n t  F l a i l i n g  
D e s i g n   i m p r o v e m e n t   f o r   o c c u p a n t   p r o t e c t i o n   r e q u i r e s   t h a t   s p a c e  
b e   a v a i l a b l e   f o r   t h e   o c c u p a n t   t o   d e c e l e r a t e ,   a n d   r e q u i r e s   f u l l  
r e s t r a i n t   o f   t h e   o c c u p a n t   i n   h i s  s e a t  ( r e f e r e n c e  3.4, 3 . 5 ) .  
I n   c u r r e n t   s e a t s , p a r t i c u l a r l y   i n   g e n e r a l   a v i a t i o n ,   c a b i n   c o n d i -  
t i o n s  a r e  p r e v a l e n t   t h a t   c a u s e   t h e   o c c u p a n t   t o   b e c o m e   i n j u r e d  
f r o m   i m p a c t   w i t h   r i g i d   s t r u c t u r e s .  
Case h i s t o r i e s   s h o w   t h a t  7 0  t o  80  p e r c e n t   o f  a l l  g e n e r a l   a v i a t i o n  
i n j u r i e s   i n   c r a s h   d e c e l e r a t i o n s  a r e  a r e s u l t  of  f a c e   o r   h e a d  
i m p a c t s   c a u s e d  by u p p e r   t o r s o   a n d   h e a d   f l a i l i n g .   I m p r o v e d  
o c c u p a n t   r e s t r a i n t   d e s i g n   i n c o r p o r a t i n g   u p p e r   t o r s o   r e s t r a i n t  
w o u l d   i m m e d i a t e l y   d e c r e a s e   t h e   i n j u r y   i n d e x   i n   t h e s e   s u r v i v a b l e  
c r a s h e s .  
T o   p r o v i d e   s o m e   i d e a   o f   f l a i l i n g   s w e e p ,   F i g u r e  3 s h o w s   t h e  
m o t i o n s   o f   f i f t h   a n d   n i n e t y - f i f t h   p e r c e n t i l e   s u b j e c t s   a c c e l e r a t e d  
f o r w a r d   o v e r  a t i g h t   s a f e t y   b e l t .   R e f e r e n c e   2 . 2 ,   2 1 5 .   T h e  
s u b j e c t s  w e r e  d i s p l a c e d   b y  a 1 g f o r c e  s o  t h e   s w e e p   p r e s e n t e d  
m u s t   b e   c o n s i d e r e d  as a minimum s t r i k e   d i s t a n c e .   T h e   i m p a c t  
v e l o c i t y   o f   t h e   h e a d   d u r i n g   t h e s e  t e s t  e x c e e d e d   1 2   f t / s e c .  
I n   a c t u a l   c r a s h   c o n d i t i o n s   l a r g e r   m a g n i t u d e s   o f   b o d y   m o v e m e n t  
c a n   b e   x p e c t e d   s i n c e   i m p a c t   f o r c e s  a r e  l i k e l y   t o   b e  
g r e a t e r  t h a n  1 g a n d   t h e   p a s s e n g e r  s ea t  b e l t s   w o u l d   p r o b a b l y  
b e   l o o s e l y   f a s t e r . a d .   W h i l e  i t  i s  n o t   p r a c t i c a l   t o   a l l o w  
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a m o u n t   o f   s p a c e   n e e d e d  s o  t h a t   t h e   o c c u p a n t   c o u l d   f l a i l   w i t h o u t  
i m p a c t i n g   a n y   s t r u c t u r e ,  i t  i s  p r a c t i c a l   t o   r e s t r a i n   t h e   o c c u p a n t  
s u c h   t h a t   h i s   h e a d   a n d   t o r s o  a r e  u n a b l e   t o   f l a i l .   S h o u l d e r   a n d  
l a p   r e s t r a i n t   a l o n e   w o u l d   e l i m i n a t e  a l a r g e   n u m b e r   o f   i m p a c t  
i n   j u r i e s .  
F i g u r e   3 ( b )   i l l u s t r a t e s   t h e   n u m b e r   o f   i n j u r i e s   t h a t   h a v e   b e e n  
i n c u r r e d   o n   v a r i o u s   p a r t s   o f   t h e   b o d y   i n  a l a r g e   n u m b e r   o f   l i g h t  
a i r c r a f t   a c c i d e n t s .   T h i s   i n j u r y   p a t t e r n   o f  800 s u r v i v o r s   i n  
l i g h t   a i r c r a f t   a c c i d e n t s   s h o w s   t h a t ,   i n   l i g h t   p l a n e s  a t  l e a s t ,  
t h e   g r e a t e s t   n u m b e r   o f   i n j u r i e s   o c c u r   t o   t h e   h e a d   a n d   t o r s o .  
T h i s  i s  a l m o s t   e n t i r e l y  a r e s u l t   o f   b o d y   f l a i l i n g  a t  i m p a c t .  
T h e   n e e d   t o   r e s t r a i n  t h e  b o d y   a b o v e  t h e  w a i s t  i s  a p p a r e n t   a n d  
s h o u l d   b e   i n c o r p o r a t e d .  
Human Body S t r u c t u r e  
B o n e s   p r o v i d e  t h e  r i g i d   f r a m e w o r k   f o r  t h e  b o d y   t o  c a r r y  l o a d s  
a n d   t o   p r o t e c t   t h e   v i t a l   o r g a n s   s u c h  as t h e   h e a r t ,   b r a i n ,   a n d  
l u n g s   f r o m   i n j u r y .   T h e   l i g a m e n t s   a c t   o   h o l d   t h e   b o n e   j o i n t s  
t o g e t h e r   a n d   c a r t i l a g e   f u r n i s h e s  e l a s t i c  c o n n e c t i v e   t i s s u e s  
w h i c h   p r o t e c t   t h e   b o n e s  a t  t h e   j o i n t s   f r o m   s h o c k   a n d   g i v e   t h e  
s k e l e t o n   m o r e   f l e x i b i l i t y .   F i g u r e  4 i l l u s t r a t e s   t h e   a r r a n g e -  
m e n t   o f   t h e   h u m a n   s k e l e t o n ,   a n d   i d e n t i f i e s   t h e   m a j o r  s k e l e t a l  
p a r t s  by t h e i r   t e c h n i c a l   n a m e s .  
T h e   e n g i n e e r  i s  c o n c e r n e d   w i t h   t h e   b o d y  as a s t r u c t u r a l   l o a d  
c a r r y i n g  s y s t e m  f o r   d y n a m i c   a n d  s t a t i c  l o a d s .   T h e   b o d y ,   b e i n g  
a c o m p o s i t e   o f   f l e x i b l y   c o n n e c t e d   r i g i d   m e m b e r s ,   m u s t   b e  
e x t e r n a l l y   r e s t r a i n e d   t o   p r e v e n t   e x c e s s i v e  momentum o r  f o r c e  
t o   b u i l d   u p   b e t w e e n   t h e   p a r t s .   F o r  a s e a t e d   a i r c r a f t   p a s s e n g e r  
u n d e r g o i n g   r a p i d   d e c e l e r a t i v e   f o r c e s ,   t h e   b o d y  masses r e q u i r i n g  
r e s t r a i n t  a r e  t h e   p e l v i s   r e g i o n ,   t h e   u p p e r   c h e s t  a r e a  a n d   t h e  
h e a d .   W h i l e   r e s t r a i n t   o f   t h e  arms a n d  l e g s  w o u l d   a l s o   b e  
d e s i r a b l e ,   m o v e m e n t   o f   t h e s e   b o d y   p a r t s   a n d   t h e i r   p o s s i b l e   i n -  
j u r y  a r e  n o t   d i r e c t l y  f a t a l .  W h i l e   m e t h o d s   f o r   s u c h   t o t a l  
r e s t r a i n t   w o u l d   b e   d e s i r a b l e ,  i t  w o u l d   p r e s e n t   m u c h   d i f f i c u l t y  
i n  p r a c t i c e .  
The h e a d  mass m u s t   b e   r e s t r a i n e d   f r o m   f o r e   a n d   a f t   w h i p l a s h  
m o t i o n s   t h a t   c a n   b e   d e v e l o p e d  on t h e  7 c e r v i c a l   v e r t e b r a e .  
F a i l u r e  t o  r e s t r a i n  t h e  h e a d   p e r m i t s   s e v e r e   n e c k   s t r a i n s   a n d  
h e a d   v e l o c i t y   c o n d i t i o n s   t o   d e v e l o p .  
T h e  u p p e r  t o r s o  m u s t  b e  r e s t r a i n e d  t o  p r e v e n t  p i v o t i n g  m o t i o n s  
a b o u t  t h e  p e l v i c   r e g i o n s .   T h e   m a j o r i t y   o f   t h e   b o d y  mass i s  i n  
t h e   u p p e r   t o r s o ,   c o n t a i n e d   i n   t h e   b o u n d a r y  of  t h e  r i b  c a g e  
a n d   d o r s a l   v e r t e b r a e ,   w i t h   t h e   d o r s a l   v e r t e b r a e   a c t i n g  as a t t a c h  
p o i n t s   f o r   t h e   r i b s .   T h i s   s e c t i o n   t h e r e f o r e   f o r m s  a r e l a t i v e l y  
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r i g i d   s t r u c t u r e   f o r   r e s t r a i n t   s u p p o r t .   M o v e m e n t   o f   t h e   u p p e r  
t o r s o  i s  t h e r e f o r e  i n  a r i g i d   f a s h i o n   a b o u t   t h e   l u m b a r   v e r t e b r a e  
a n d   p e l v i c   r e g i o n   w h e n  a l a p   r e s t r a i n t  i s  e m p l o y e d .   W i t h o u t  
u p p e r  t o r s o  r e s t r a i n t ,  t h e  t o r s o  momentum  would t r a n s f e r  t o  
t h e   p e l v i c   r e g i o n .  
T h e   p e l v i c   r e g i o n   m u s t   b e   r e s t r a i n e d   t o   a v o i d   b e n d i n g   o f   t h e  
l u m b a r   v e r t e b r a e   a n d  t o  p r e v e n t   m o t i o n   o f   t h e   p e l v i c   a n d   f o r e -  
l e g  masses. T h e   l u m b a r   v e r t e b r a e   a n d   t h e   l o w e r   d o r s a l   v e r t e b r a e  
r e c e i v e   v e r y  l i t t l e  s u p p o r t   f r o m   t h e   r i b   c a g e   s t r u c t u r e .  V e r -  
t i c a l  c o m p r e s s i v e   a c c e l e r a t i o n s   o f   t h e   u p p e r   b o d y  a re  t h e r e f o r e  
a l m o s t   w h o l e l y   s u p p o r t e d  by t h i s   v e r t e b r a e   c o l u m n   s e c t i o n   a n d  
c a n   b e   e x p e c t e d   t o   e x p e r i e n c e   m o r e   s e v e r e  s t r e s s e s  t h a n  t h e  
u p p e r   p o r t i o n s   o f   t h e   b a c k   b o n e   s t r u c t u r e .   R u p t u r e d   d i s c s  a r e  
f a i r l y  common a n d   m i g h t   t h e r e f o r e   o c c u r   f r e q u e n t l y   i n   t h i s  
s e c t i o n   i f  i t  i s  n o t   f i r m l y   s u p p o r t e d .  
T h e   s k e l e t a l   s t r u c t u r e ,  a s  s h o w n   i n   F i g u r e  4 ,  a n d   t h e   d i s t r i b u -  
t i o n  o f  masses a n d   h i n g e   r e g i o n s   o f   t h e   b o d y   i n d i c a t e  a n e e d  
f o r   b o d y   r e s t r a i n t ,   d u r i n g   i m p a c t ,   e x t e n d i n g   f r o m   t h e   p e l v i s  
r e g i o n   u p  t o  a n d   i n c l u d i n g   t h e   h e a d .   T h e   r e l a t i v e  masses o f  
t h e  v a r i o u s  b0d.y p a r t s  a r e  a p p r o x i m a t e d  a s  l i s t e d  i n  F i g u r e  4 .  
R e f e r e n c e  3 . 6  p o i n t s   o u t   t h a t   s h o u l d e r   s t r a p s   f a s t e n e d  t o  t h e  
l a p   b e l t   c a n   a p p l y   f o r c e s   t h a t   l i f t   a n d   r e d u c e   t h e   l a p   b e l t  
e f f e c t i v e n e s s .  
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AIRCRAFT EMERGENCY SURVIVAL . - METHODS 
Internal  survival  improvement  methods  in  this  report  contain 
design  objectives  for  occupant  seating  and  restraint.'  Other 
areas  for  improvement,  such  as  fire  supression,  smoke  and 
fume  protection  and  evacuation  aids  are  not  elaborated  in 
this  study. 
There tire a number  of  methods  that  could  be  applied  in  an 
aircraft  emergency  to  protect  the  occupants  from  severe  injury. 
Only a few of these  methods  can  be  applied  at  an  acceptable 
price  to  the  user.  Figure 5 s'hows some of the  methods  that 
might  be  applied  to  assist  survival in aircraft  emergencies. 
These  methods  are  presented  in  chart  form.  The  kind  of  methods 
that  could  be  applied  are  divided  into  three  basic  modes of 
flight:  take-off,  in-flight,  and  landing.  The  methods  are 
further  divided  into  applications  to  general  aviation  and 
commercial  aviation,  and  executive  aircraft.  Those  methods 
that  appear  reasonable  to  apply  in a given  flight  mode  and a 
particular  type of aircraft  are  indicated by a solid  dot. 
AIRCRAFT EMERGENCY METHODS 
C = COMMERCIAL AIR CARRIER 
E = EXECUTIVE OFFICIALS 
G = GENERAL AVI ATtON 
FIGURE 5 
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~~~ INTERNAL -~ FUSELAGE IMPROVEMENTS 
Efforts  to  improve  aircraft  interiors  are a result  of  accidents 
wherein  the  aircraft  cabin  has  remained  adequately  intact  for 
human  survival  but  the  occupants  have,  nevertheless,  died  or 
were  seriously  injured  because  of  fumes,  fire,  inadequate  seat 
tie-down/seat  belt  restraint,  or  impact  with  local  hard  objects 
placed  too  close  for  crash  safety. A summary  of  notes by 
J.J. Carroll  and  published  reports by A. H. Hasbrook7,  combined 
with  that  data  obtained by the  Flight  Safety  Foundation,  Inc. 
point  out  that  the  interior  design  considerations  for  crash 
survival  should  include  crashworthiness  features  such  as: 
3 
(1) Secure  seat  tie-down  and  seat  energy  absorption 
(2) Secure occupant restraint. 
(3) Removal  of  lethal  objects  and  surfaces  from  the 
properties. 
occupant-impact  envelope. 
(4) Secure attachment of interior furnishings. 
( 5 )  Suppression of smoke and fire. 
( 6 )  Quick routes for evacuation. 
Much  remains  to be done  toward  defining  quantitative  values  to 
meet  these  requirements.  In  this  respect,  aircraft  manufacturers 
have  pointed  out  the  need  for  accident  survival  methods/criteria 
that  is  of  definite  argument  based  on  clear  evidence  and  of 
a quantitative  nature  for  design  and  test. 
Work  at  the  civil  Aeromedical  Research  Institude (CAR11 has 
been  extensive  in  defining  human  body  impact  limits  and  injury. 
levels. The CAR1 work,  combined  with  the  aircraft  crash 
test  data  of  the  Flight  Safety  Foundation, I ~ c . ~  provides  addi- 
tional  views  on  how  aircraft  interiors  may  be  designed  to  improve 
chances  for  occupant  survival. 
2 
2.2 
S. R. Mohler and J. J. Swearingen estimate that possibly 
one  half  of  all  fatalities  occurring  annually  in  survivable 
aircraft  accidents  could be prevented if aircraft  design  were 
to  include  conditions  for  human  tissue  protection  during  impact. 
These  authors ,further detail  three  principles  for  delethalization: 
(1) Eliminate and/or redesign  cabin  objects  which 
can  cause  puncture  wounds  upon  bodily  impact. 
(2) Design  and  install a seat-restraint  system  (seat 
belt  and  shoulder  harness)  which  will  securely 
hold a human  body  under  brief  transient  fbrces 
as high Is 25 g.(Ref.3.6,1.1.4.3.1). Tolerance 
to  impulsive  loading  under  severe  body  restraint 
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may  be  taken  as: (Ref. 3 . 6 )  
Longitudinal - 45 g for 0.10 sec. 
25 g for 0.20 sec. 
Lateral - 2 0  g for 0.10 sec. 
Vertical - (Eyeballs down) 25 g for 0.10 sec. 
(Eyeballs up) 15 g for 0.10 sec. 
( 3 )  Design  instrument  panels  and  all  other  areas of 
likely  body  contact so that  upon  impact  the  greatest 
amount  of  deformation  and  material  rearrangement 
would  occur  in  the  structures  and  not  in  the  human 
body. 
Occupant  Protection & Interior  Design  Methods 
Improvements  for  the  occupant  in  the  aircraft  interior 
are  effective  under  flight  conditions  where  the  aircraft  is 
in a velocity  and  attitude  condition  that  would  allow  impact 
to  occur  without  severe  destruction  of  the  fuselage.  Granting 
such  impact  conditions,  the  interior  improvements  are  concerned 
primarily  with  occupant  protection;  thus,  the  removal of 
dangerous  furnishings,  sharp o r  hard  surfaces  and  loose  objects 
that  might  impact  with  the  occupant  is  compatible  design  for 
aircraft  emergencies. 
Occupant  seating  and  restraint  represents a major  area of 
interior  design that. could  be  improved  with  immediate  benefits 
for  occupant  protection. For  emergencies,  full  body  restraint 
is  essential  to  keep  the  occupant  from  flailing  and  impacting 
with  surrounding  hardware.  In  large  passenger  aircraft,  seat 
and  restraint  design  improvements  are  most  essential  to  meet 
take-off  and  landing  emergencies.  Certain  types  of  aircraft 
that  undergo  severe  jostling  conditions  in-flight  would a l s o  
be  made  more  comfortable  with a full  body  restraint  system  on 
the  pilot. 
Where an aircraft  undergoes  crash  type  conditions,  the  occupant 
protection  can  be  improved by designing  seats  to  absorb  high 
energy  pulses.  Force  limiting  energy  absorbing  devices  (Ref. 
3.5) would  reduce  high  peak  forces  and  allow  the  seat  to  remain 
attached  to  the  basic  aircraft  structure  and  maintain  the  occupant 
position in the  seat  at  lower f.orce levels.  Such  seat  design 
would be immediately  useful  to  all  aircraft  types.  At  the 
present  time  seats  are  not  designed  to  absorb  high  energy  impacts 
and  therefore  frequently  come  loose  from  the  airframe  structure. 
Another  form  of  protection  for  the  occupant  would  be  crash 
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c a p s u l e s .   T h e   n a t u r e   o f   c r a s h   c a p s u l e s   w o u l d   r e q u i r e   t h e m  
t o  b e  s p e c i a l  s t r u c t u r e s  w i t h i n  t h e  a i r f r a m e  d e s i g n e d  t o  r e s i s t  
a n d   a b s o r b   i m p a c t  a t  h i g h e r   e n e r g y   l e v e l s   t h a n   t h e   a i r c r a f t  
i t s e l f .   S u c h   d e v i c e s   d o   n o t   a p p e a r   e c o n o m i c a l l y   p r a c t i c a l   f o r  
m o s t   a i r c r a f t ;   h o w e v e r ,   c r a s h   c a p s u l e s  m a y  b e   u s e f u l   f o r  
s p e c i a l  e x e c u t i v e  a p p l i c a t i o n  w h e r e i n  a maximum p r o t e c t i v e  
s e c u r i t y  i s  m o r e   e s s e n t i a l   t h a n   t h e   u s u a l   e c o n o m i c   c o n s i d e r a -  
t i o n s  f o r  t h e  a i r c r a f t .  
Seat D e s i g n  
T h e   i n t e g r a l   p a r t s   o f  a p a s s e n g e r  sea t  s y s t e m  a t  t h e   p r e s e n t  
t i m e  a r e  t h e   r e s t r a i n t   b e l t ,   b e l t   a n c h o r a g e ,  s e a t  p o r t i o n s  
w h i c h  c a r r y  b e l t   l o a d s ,   c u s h i o n   s u p p o r t   a n d  s e a t  a n c h o r a g e s  
t o   t h e   f l o o r   s t r u c t u r e .   I m p r o v e m e n t  i s  n e e d e d   i n   t h e   d e s i g n  
o f   t h e s e   c o m p o n e n t s .  
T h e   u s e   o f   d u c t i l e   s t r u c t u r e s  i s  d e s i r a b l e   s i n c e   t h i s   w o u l d   a l l o w  
d e f o r m a t i o n s   a n d   a t t e n u a t i o n   p r e c l u d i n g   c o m p l e t e   s e a t   f a i l u r e .  
W h e n e v e r   p r a c t i c a l ,   p a s s e n g e r  s e a t s  s h o u l d   o n l y   b e   a t t a c h e d  
t o  a s u r f a c e   o f .   s t r u c t u r a l   c o n t i n u i t y ,   s u c h  as  t h e   c a b i n   f l o o r .  
A t t a c h m e n t s   t o   d i f f e r i n g   s t r u c t u r e   s u r f a c e s ,   s u c h  a s  w a l l - f l o o r  
c o m b i n a t i o n   s t r u c t u r e ,   c a n   d e f o r m   d i f f e r e n t l y   t o   i m p o s e   s e v e r e  
t o r s i o n   o n   t h e  s e a t  t i e s ,  r e s u l t i n g   i n   g r e a t e r  s e a t  t i e d o w n  
s t r e s s e s  a n d   d e f o r m a t i o n   d a m a g e .  
A i r c r a f t  s e a t  d e s i g n   p r o v i d e s   o n e   i m m e d i a t e   i m p r o v e m e n t   a v e n u e  
f o r   o c c u p a n t   s a f e t y .  Sea t s  m a y  b e   i m p r o v e d   b y   g i v i n g   d e s i g n  
a t t e n t i o n   t o   t h e   f o l l o w i n g  i t e m s :  
M i n i m i z e  s e a t  mass ,  p a r t i c u l a r l y   i n   t h e   u p p e r   p a r t s   o f  
t h e  s e a t  b a c k   t o   r e d u c e   i m p a c t   a c c e l e r a t i o n   m o m e n t . f o r c e s .  
A v o i d   t h e   e x p o s u r e   o f   h a r d   s t r u c t u r e s   w h e r e   b o d y   i m p a c t  
m a y  o c c u r .  
U s e  d u c t i l e ,   e n e r g y   a b s o r b i n g  m a t e r i a l s  f o r   p r i m a r y  s e a t  
s t r u c t u r e .  
P r o v i d e   e x o - s k e l e t a l  s e a t  s t r u c t u r e   f o r   o c c u p a n t   p r o t e c t i o n .  
P r o v i d e   c r u s h a b l e   i m p a c t   a t t e n u a t i n g   s u r f a c e s .  
I n c r e a s e  f l o o r  a t t a c h m e n t  j o i n t  f l e x i b i l i t y  t o  r e d u c e  b e n d -  
i n g  s t r e s s e s .  
B u i l d   i n  s e a t  s a f e t y   a i d s   a g a i n s t   s m o k e ,   f u m e s , h e a t ,  
v i s i o n   a n d   d e c o m p r e s s i o n .  
E x t e n d   u p p e r  s ea t  b a c k   a b o v e   t h e   h e a d   l e v e l   f o r   h e a d  
p r o t e c t i o n .  
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R e s t r a i n t  D e s i g n  
When a n  a i r c r a f t  c o c k p i t  or cabin a r e a  r e m a i n s  r e l a t i v e l y  i n t a c t  
a f t e r  a c r a s h   i m p a c t ,   d e f i n i t e   i m p r o v e m e n t s   w o u l d   b e - r e a l i z e d  
i f  t h e  p a s s e n g e r  or  crew  member  were m o r e   a d e q u a t e l y   r e s t r a i n e d .  
R e s t r a i n t   d e s i g n  i s  a n   i n t e g r a l   p a r t   o f   t h e  s e a t  s y s t e m  a n d  
n e e d s   d e s i g n   e f f o r t   t o :  
( 1 )   I m p r o v e   b e l t   l a t c h   r e s i s t a n c e   a g a i n s t   a c c i d e n t a l  
r e l e a s e .  For i n s t a n c e ,   s o m e   b d l t   l a t c h e s  a r e  
s u s c e p t i b l e   t o   a c c i d e n t a l  r e l e a s e .  
( 2 )  P r o v i d e   r e s t r a i n t   d e v i c e s  for u p p e r   t o r s o   a n d   h e a d  
i n   s e v e r e   e m e r g e n c i e s .  
H e a d   i n j u r i e s   t a k e  a h e a v y   t o l l   e i t h e r   d , i r e c t l y  b y   p u n c t u r e  
wounds  or i n d i r e c t l y  by s t u n n i n g   b l o w s .   T h e s e   i n j u r i e s   p r e -  
v e n t   r a p i d   o c c u p a n t  e x i t  b e f o r e   f i r e   c o n s u m e s   t h e   a i r c r a f t .  
H e a d   a n d   s h o u l d e r   r e s t r a i n t  i s  t h e r e f o r e   e s s e n t i a l   t o   p r e v e n t  
e x c e s s i v e   h e a d   t r a v e l   a n d   t o   p r o v i d e  a d e g r e e   o f   s a f e t y   t o  
many  who a r e  a t  p r e s e n t   k i l l e d  or who s u f f e r  s e v e r e  i n j u r i e s  
t o   h e a d  or f a c e .  
D e c e l e r a t i o n  t e s t s  h a v e   d e m o n s t r a t e d   t h a t   w h e n  a man i s  w e l l  
r e s t r a i n e d   b y  s e a t  a n d   s h o u l d e r   h a r n e s s e s ,   a n d   i n   g o o d   c o n d i t i o n  
h e   c a n   t o l e r a t e   c r a s h   f o r c e   p e a k s   f r o m   1 5   t o   4 5   g ' s   ( r e f .  3 . 6 ) .  
T h i s   s u b s t a n t i a t e s   t h e   b e l i e f   t h a t   p e o p l e   s h o u l d   s u r v i v e   i m p a c t s  
w h e r e   t h e   s t r u c t u r e s   r e m a i n   p r i m a r i l y   i n t a c t   s i n c e   t h e s e   s t r u c -  
t u r e s  f a i l  a t  m u c h   l o w e r   g - f o r c e s .  
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- COMMERCIAL ~ - - - - MULTI-ENGINE ~~ TRANSPORT SAFETY IMPROVEMENT 
Genera1 ~- ~~ Statistical  Information 
A commercial  air  carrier  is  an  operator  who  has  been  issued a
Certificate  of  Public  Convenience  and  Necessity by the CAB. 
The  two  main  categories of air  carriers  are  the  Certificated 
Route  Carriers  and  the  Supplemental  Carriers. 
Figure 6 is a bar  graph  that  shows  each  major  type  and  number 
of aircraft  in  operation by the  certificated  route  air  carriers 
as  of  December,  1965.  Boeing,  Douglas,  Lockheed  and  Convair 
Corporations  provide  the  greatest  majority  of  the  currently 
used  commercial  aircraft. of the  2104  fixed  wing  aircraft 
listed  as  held by the  air  carriers,  only  about  1875  are  actu- 
ally  used  for  passenger  operations.  The  number of commercial 
aircraft  in  active  service  (Figure 8 1 has  only  varied  about 
24% since  1957.  The  service  provided by these  aircraft  is 
shown  in  Figure 7 as  accumulated by all  the  aircraft,  and  again 
in  Figure 8 as  an  annual  average  allotted  to  each  aircraft. 
Currently,  the  average  transport  aircraft  travels 700,000 miles 
flies  2100  hours  and  makes 2200 departures  per  year.* 
The  annual  number  of  commercial  carrier  accidents  is  small 
when  compared  to  the  large  number  of  aircraft  operations 
during  that  period.  Figure 9 shows  an  average of about 80 
accidents  to  occur  annually,  out of the  four  million  flight 
depatures. 
Taking  into  account  the  total  number of accidents  that  occur 
annually,  Figure 10 shows  about  one  accident  to  occur  per 
50,000  departures,  and  coincidently,  about  one  accident'to 
occur  per  every 5 0 , 0 0 0  flight  hours.  This  averages  about 
11,000  departures  or  flight  hours  per  day, so that  some  kind 
of  aircraft  accident  might be expected  to  occur  every  five 
days. 
The  reliability  of  aircraft  transport systems  is  difficult  to 
express  in a simple  manner  because of numerous  operating  variables. 
*The  statistics  found  in  this  section  were  derived  from  the "FAA 
Statistical  Handbook  of  Aviation"  and  from  the  civil  Aeronautics 
Board  Annual  "Statistical  Review"  and  have  been  interpreted by
the  authors for presentation  in  this  report. 
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Using  the  conglomerate  of  overall  departure  and  flight  time 
statistics  and  assuming  all  events  to  be  equally  probable, 
the  reliability  of  the  operating  aircraft  transport  system 
could  be  expressed  as: 
(1) Reliability 0.99998 that any one departure will be 
accident  free,  or  perhaps 
(2) Reliability 0.99998 that any one hour of operation 
will be accident  free. 
This  represents  extremely  good  system  reliability;  however, 
it is a grossly  simple  interpretation  and  does  not  represent 
effects  of  individual  case  factors  of  time,  distance,  depart- 
ures,  maintenance,  weather,  etc.  While  the  accident  rate 
is  extremely  small,  the  massive  quantities  of  air  carrier 
operations  still  inevitably  result  in a significant  total 
number  of  accidents  and  fatalities  as  shown  in  Figure  11. 
There  were  1642  fatalities  in  commercial  aviation  during  the 
period  from  1960  through  1964  as a result of 64 fatal  accidents. 
These  fatalities  were  distributed  in  categories  as  shown  in 
Figure  12  and  are  summarized by Table 1. 
TABLE 1 
Percent of Percent  of  all Percent of all 
all  accidents fatal  accidents fatalities 
Take-off  and 
Initial  Climb 
Enroute 
Approach  and 
Landing 
14 20 25 
26 45 60 
50 30 15 
18 
AIRCRAFT  IN  OPERATION BY 
CERTIFICATED  ROUTE AIR CARRIERS 
DEC.  1965 
TURBOJET 
BOEING  707 
BOEING 720 
CONVAIR 990 
CONVAIR 880 
DC-8 
BOEING 727 
BAC-111 
CARAVELLE.  DC-9 
TURBOPROP 
LOCKHEED-  188,188A 
VICKERS VISCOUNT 
AR COS Y 
CANADAIR CL-44 
CONVAIR - 340T 
FAIRCHILD  F-27 
NO-262 
PISTON  ENGINE 
DOUGLAS DC-4 
DOUGLAS DC-6 
DOUGLAS DC-7 
LOCKHEED-049/  149 
LOCKHEED-749 
LOCKHEED-1  049 
LOCKHEED-  1649 
CONVAIR -240 
CONVAIR - 340 1440 
C-46,ZOT 
DOUGLAS DC-393A 
GRUMMAN  G-21921A 
GRUMMAN  G-44A 
MARTIN-LOZA 
MARTIN-404 
I I I I I I  
I I I 
i I I 
t I I I I I I  
L I I I I I I  
C I I I I I  
E t l l I I I  
0 40 eo I20 
- AIR 
NUMBER OF AIRCRAFT 
FIGURE 6 
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CERTIFICATED  ROUTE 
AIR CARRIERS 
ALL SCHEDULED SERVlCE 
I 954 1956  1958 1960 1962 1964 
YEAR 
FIGURE 7 
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21 
U.S. CERTIFIED ROUTE AIR CARRIERS 
ALL OPERATIONS- MJMBER OF ACCIDENTS 
NUMBER '*OT 
BAR  G APH KEY : 
. . . . . . . . - . . . . . . TOTAL  CCIDENTS 
1 MINOR 01 NO INJURY 
////A% SERIOUS  INJURY 
B FATAL  INJURY 
0 SUBSTANTIAL A/C DAMAGE 
0 AIRCRAFT  DESTROYED 
YEAR 
FIGURE ,9 
2 2  
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U. S. AIR CARRl ERS 
ALL OPERATIONS 
FATALITIES PER  FATAL  ACCIDENT 
I960 -1965 INCLUSIVE 
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I20 
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I 
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T r a n s p o r t   A i r c r a f t   S e a t i n P -  & R e s t r a i n t  System-Impyo-pement .~ ". 
T h e   n u m b e r   o f   t r a n s p o r t   a i r c r a f t   e m e r g e n c i e s  i s  e v i d e n t   f r o m  
t h e   s t a t i s t i c s   o f   T a b l e  1 ,  F i g u r e  11 a n d   F i g u r e  12, T h e  
m u l t i - e n g i n e   r e c i p r o c a t i n g   a n d   t h e  j e t  e n g i n e  a i r c r a f t  a r e  u s e d  
p r i m a r i l y   b y   c o m m e r c i a l   c e r t i f i c a t e d  a i r  c a r r i e r s  a n d  o f t e n  
c a r r y   o v e r  a h u n d r e d   p a s s e n g e r s   e a c h .   T h e   p r o b l e m   o f   i m p r o v i n g  
s u r v i v a l   i n   t h i s  c l a s s  o f   a i r c r a f t  i s  q u i t e   d i f f e r e n t   f r o m  
t h a t   a s s o c i a t e d   w i t h   g e n e r a l   a v i a t i o n ,  
P a s s e n g e r s   o n   a n y   o n e   t r a n s p o r t   f l i g h t  m a y  r e p r e s e n t   t h e   w h o l e  
s p e c t r u m   o f   t h e   p o p u l a t i o n   i n   a g e ,   h e a l t h ,   s i z e   a n d   o c c u p a t i o n .  
A l a r g e   n u m b e r   o f   p e r s o n s   s e a t e d   i n   r o w   f a s h i o n  i s  a l s o  a 
c h a r a c t e r i s t i c   o f   p a s s e n g e r   t r a n s p o r t s   t h a t   n e c e s s i t a t e s   t h a t  
t h e   p a s s e n g e r   r e m a i n   s e a t e d   a n d   b e   p r o t e c t e d   i n   t h a t   p o s i t i o n  
u n t i l   s u c h  t i m e  t h a t  t h e  a i r c r a f t  h a s  come t o  a s t o p   a n d   o r d e r l y  
e v a c u a t i o n  c a n  b e g i n .  
O n e   o f   t h e   m o s t   d i f f i c u l t   p r o b l e m s   c o n f r o n t i n g   d e s i g n e r s   f o r  
i m p r o v e d   p r o t e c t i o n   o f   o c c u p a n t s  i s  t h e   f a c t   t h a t   o c c u p a n t s  
v a r y   o v e r   s u c h  a l a r g e   r a n g e .   T h e   m e t h o d s   u s e d   t o   i m p r o v e  
human s u r v i v a l   d u r i n g   t r a n s p o r t   e m e r g e n c i e s   m u s t   t h e r e f o r e   b e  
c o m p a t i b l e   w i t h  a l l  p e r s o n s .   T h e   i m p r o v e m e n t   o f   p a s s e n g e r  
s e a t  d e s i g n   a n d   r e s t r a i n t   m u s t   t a k e   t h e   w i d e   v a r i a t i o n   o f  
o c c u p a n t s   i n t o   a c c o u n t .   T h e   t e c h n i q u e s   f o r   e n e r g y   a b s o r p t i o n  
a n d   r e s t r a i n t  a r e  t h e r e b y   c o m p l i c a t e d .  
T h e   s k e l e t o n   s h o w n   i n   F i g u r e  4 r e p r e s e n t s   t h e   s t r u c t u r e   o f   a n  
a v e r a g e   a d u l t  a s  h e   m i g h t   b e   s e a t e d   i n  a p a s s e n g e r   a i r c r a f t .  
T h e   l o c a t i o n s   a n d   r e l a t i v e  masses a r e  a l s o  s h o w n   f o r   e a c h   m a j o r  
b o d y   s e g m e n t .   T h e   b o d y  mass s e g m e n t   d a t a  i s  d e r i v e d   i n   p a r t  
f r o m  a s t u d y   o n   b o d y   s e g m e n t   p a r a m e t e r s .   L o o k i n g  a t  t h e   b o d y  
as  a n o n - r i g i d   p h y s i c a l   s t r u c t u r e   w i t h  mass c e n t e r s   a n d   f l e x i b l e  
j o i n t s ,  i t  i s  a p p a r e n t   t h a t   b o t h   u p p e r   a n d   l o w e r   t o r s o   r e s t r a i n t  
i s  r e q u i r e d   t o   p r e v e n t   s p i n e   b e n d i n g   a n d   h e a d - f l a i l i n g   m o t i o n s  
t h a t   c o u l d   c a u s e   s e r i o u s   i n j u r i e s .   T h e   r a p i d   m o t i o n   o f   t h e   h e a d  
mass o n   t h e   n e c k   v e r t e b r a e   s t r u c t u r e   a n d   t h e   s t r a i n   d e v e l o p e d  
by s u d d e n l y   s t o p p i n g   t h i s  mass e v e n   w i t h o u t   i m p a c t  i s  t h e   c a u s e  
o f   m a n y   n e c k   i n j u r i e s .  S i m i l a r l y ,  a c c e l e r a t i o n   f o r c e s   a c t i n g  
t o   b e n d   t h e   s p i n a l   c o l u m n   i m p o s e   s e v e r e   c o m p r e s s i o n   a n d / o r  
t e n s i o n  s t r e s s e s  o n   t h e   v e r t e b r a e   d i  c s t r u c t u r e   c a u s i n g   s l i p p e d  
d i s c   a n d   o t h e r  forms of b a c k   i n j u r y .  Some f o r m   o f   r e s t r a i n t  
i s  r e q u i r e d   t o   p r e v e n t   t h e s e   b o d y   d i s p l a c e m e n t s ,   s i n c e   m u s c l e  
r e s p o n s e   a n d   s t r e n g t h   a l o n e  i s  i n a d e q u a t e   t o   r e a c t   t o   s u d d e n  
i m p a c t   f o r c e s .  
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T e s t s  i n d i c a t e   t h a t   i n   s o m e   s u r v i v a b l e   c r a s h e s   t h e   l o c a l  
d y n a m i c   l o a d s  m a y  r e a c h  40 t o  50 g ' s  f o r   s h o r t   d u r a t i o n s ,  
m e a s u r e d  i n  m i l l i s e c o n d s .  3.6 I f  t h e  s ea t s  a re  u n a b l e  t o  
a b s o r b   t h i s   s u d d e n   i m p u l s e   t h e y  w i l l  b r e a k   l o o s e .  
The  maximum f o r c e s   d e v e l o p e d   o n  s ea t  s t r u c t u r e  a r e  a r e s u l t  
o f   r e l a t i v e   v e l o c i t y  mass a c c e l e r a t i o n s   a n d   f l o o r   s t r u c t u r a l  
d e f o r m a t i o n s .   T h e s e   d e v e l o p   u n d e r   c o n d i t i o n s   o f   a i r c r a f t  
r u n w a y   o v e r s h o o t ,  or i m p a c t   u n d e r   a d v e r s e   a t t i t u d e s   i n   w h i c h  
t h e  f u s e l a g e  mee t s  s u d d e n   r e s i s t a n c e   a n d   u n d e r g o e s   s t r u c t u r a l  
f a i l u r e .  
T h e   o c c u p a n t   h e l d   s e a t e d   i n   t h e   a i r c r a f t   c a n   e x p e r i e n c e   h i g h  
a c c e l e r a t i o n s   i f   h e   d e v e l o p s   i n d e p e n d e n t   v e l o c i t y   c h a n g e s   o v e r  
a v e r y   s h o r t   d i s t a n c e .   E l a s t i c i t y   o f   t h e   f u s e l a g e   s t r u c t u r e  
a n d   f r e e   u n r e s t r a i n e d   m o t i o n s   o f   t h e   o c c u p a n t   a l l o w   r e l a t i v e  
v e l o c i t y   t o   b u i l d   u p   b e t w e e n   t h e  s ea t s  a n d   v a r i o u s   p a r t s   o f   t h e  
a i r c r a f t .  I t  i s  i n   t h e   a r r e s t i n g   o f   t h e s e   r e l a t i v e   i n t e r . n a 1  
v e l o c i t i e s   t h a t   s u c h   s h o r t   d u r a t i o n ,   h i g h   g - l e v e l   f o r c e d  ( 4 0 - 5 0  
g ' s )  m a y  d e v e l o p   i n   t h e  s e a t  s t r u c t u r e .  
T h e r e  a r e  t w o   p r a c t i c ' a l   r e q u i r e m e n t s   t h a t   m u s t   b e  m e t  f o r   i m p r o v e d  
o c c u p a n t   p r o t e c t i o n .   O n e  i s  t h a t   t h e   o c c u p a n t ' s   v i t a l   p a r t s  
m u s t   b e   k e p t   f r o m   b u i l d i n g   u p   d i f f e r e n t i a l   v e l o c i t i e s   i n   e x c e s s  
o f   a b o u t  30 or 4 0  f e e t  p e r   s e c o n d .   I n   a d d i t i o n ,   t h e s e   d i f f e r -  
e n t i a l   v e l o c i t i e s   m u s t   b e   s t o p p e d   w i t h i n  a s p a c e   o f   a b o u t  6-8 
i n c h e s   t o   p r e v e n t   e x c e s s i v e   a c c e l e r a t i o n   l o a d s   o n   t h e   o c c u p a n t .  
S e c o n d l y ,   t h e   b o d y   l o a d s   m u s t   b e   t r a n s f e r r e d   i n t o   t h e  s e a t  by 
a r e s t r a i n t   a n d   c u s h i o n   s u p p o r t   s y s t e m   t h a t   d o e s   n o t   h a v e  
s i g n i f i c a n t   r e b o u n d .  
The  s e a t  m a y  b e   t h o u g h t  of  a s  b e i n g   c o m p o s e d   o f   t h r e e   b a s i c   p a r t s .  
T h o s e   p a r t s  a r e :  t h e   l e g s ,   w h i c h   s h o u l d   b e   n e r g , y   a b s o r b i n g  
i n   o r d e r   t o   t r a n s f e r   l a r g e   q u a n t i t i e s   o f   e n e r g y   w i t h o u t   d e v e l o p -  
i n g   h i g h   p e a k   l o a d s ;  a s u p p o r t i n g   f r a m e   w i t h   c u s h i o n s   w h i c h   w o u l d  
a c t   t o   p r o t e c t   t h e   o c c u p a n t ;   a n d   t h i r d l y ,  some   fo rm  o f   body  r e s -  
t r a i n t   w h i c h  i s  a b l e   t o   m a i n t a i n   t h e   o c c u p a n t   i n   p o s i t i o n   r e g a r d -  
l e s s  o f   h i s   s i z e  or s h a p e .  
Sea t s  t h a t  a r e  s u i t a b l e   f o r   p r o v i d i n g  a l a r g e   a m o u n t   o f   e n e r g y  
a b s o r p t i o n   a n d   o c c u p a n t   p r o t e c t i o n   s h o u l d   b e   m o u n t e d  as s i n g l e  
u n i t s ;  t h a t  i s ,  t h e y   s h o u l d   n o t   b e   s t r u c t u r a l l y   t i e d   i n t o   p a i r s  
a n d  t r i p l e t s  as  a n  i n t e g r a l  u n i t  as  c u r r e n t l y   p r a c t i c e d   i n  
p a s s e n g e r   a i r c r a f t .   T h i s  i s  n o t   t o  s a y  t h a t   i n d i v i d u a l   e n e r g y  
a b s o r b i n g  s e a t  d e s i g n s   c o u l d n ' t   b e   g . r o u p e d   i n   c l o s e   d o u b l e t  
a n d   t r i p l e t   t y p e   a r r a n g e m e n t s ,   b u t   r a t h e r   t h a t   t h e s e  s e a t s  wou ld  
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have  to  have  the  capability of moving  independently  of  one 
another  under  impact  situations  to  avoid  assymmetrical  loading 
and  to  accomplish  efficient  energy  absorption. 
Features  that  could  be  incorporated  in  advance  seat  design  are 
shown  in  Figure 1 3  entitled  "Aircraft  Seat  Design  Improvement 
for  Impact".  Some  of  the  features  pointed  out  in  that  figure 
are  the  high  back  protective  head  rests,the  impact  absorbing 
back  structure,  high  energy  dissipation  cushions,  high-energy 
dissipation  stroking  load  limiting legs, and a full  body  res- 
traint  system.  This  may be compared  with  present  seat  designs 
which  use  rigid  leg  structures,  lap  belt  restraint  only,  low 
energy  absorption  cushions,  soft  back  structures  and  no  head 
protection. 
The  simple  technique of using  the  available  seat  spacing  for 
stroking  energy  devices  increases  seat  leg  energy  dissipation 
by a factor  of  about 6 without  increasing  the  basic  seat  design 
strength.  Using  present  seat  design  techniques  and  increasing 
the  seat  design  strength  to  about 25 g's would  only  increase 
the  energy  absorption  capabilities  of  present  seats by about 
2 4  times. By comparison,  advanced  energy  absorption  seat  de- 
sign,  when  increased  to 2 5  g design  strength  level,  would 
increase  the  energy  absorption  capability by a factor  of  16. 
Such  improvements  are a result  of  allowing  the  seat  to  stroke 
in a controlled  load  limiting  manner  while  absorbing  energy 
throughout  that  stroke. 
The  ability  to  take  advantage  of  an  increased  seat  energy 
absorption  capability  lies in a full  body  restraint  system 
that  can  transfer  body  loads  into  the  seat  in d simple  prac- 
tical  manner. 
Energy  Absorbing  Seat  Development 
One  example  of a light-weight,  high-strength  seat  which  is 
designed  to  offer  maximum  energy  absorption  is  shown  in  Fig- 
urel8.  Energy  absorption  is  provided by extensible  attenuators 
in  forward  and  vertical  loadings.  This  seat  is  designed  for 
impact  attenuation  for  the  dynamic  load  conditions  of 2 0  g-vert 
tical  and 2 0  g forward  within a 30 degree  arc  to  either  side, 
as  well  as  for 10 g's  laterally.  This  seat  strength  is  based 
upon  an  occupant  weight of 225 pounds. 
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I I  -- 
Seat  w e i g h t  i s  k e p t  t o  a m i n i m u m   t h r o u g h   t h e   u s e   o f   a l u m i n u m  
h o n e y c o m b   c o n s t r u c t i o n   i n  a l l  s t r u c t u r a l   p a n e l s .  Less  c u s h i o n s  
a n d   m o u n t i n g   t r a c k s ,   t h e  s e a t  w e i g h t s   a p p r o x i m a t e l y  35 p o u n d s .  
I n t e g r a t e d   S a f e t y  Seat 
R e f e r r i n g   t o   F i g u r e  3a ,  i t  c a n   b e   s e e n   t h a t  a p a s s e n g e r  who 
i s  r e s t r a i n e d   o n l y   b y  a s ea t  b e l t  is t h r o w n   f o r w a r d   f r o m   t h e  
w a i s t  u p .   T h e   t o r s o   a n d   h e a d   s w i n g s   t h r o u g h   a n   a r c   s u c h   t h a t  
t h e   h e a d   w o u l d   i m p a c t   i n t o   t h e   f r o n t  s e a t  o r   p a n e l   o b j e c t s .  
T h e   l e g s   a l s o   s w i n g   s u c h   t h a t   t h e y   w o u l d   i m p a c t  s imi la r  o b j e c t s .  
F i g u r e   1 5   i l l u s t r a t e s   a n   i n t e g r a t e d   s a f e t y  s ea t  c o n c e p t   a n d   o n e  
m e t h o d   w h e r e b y   t h e   b o d y   c o u l d   b e   r e s t r a i n e d   f r o m   t h e  w a i s t  t o  
t h e   h e a d .   T h e   r e s t r a i n t   m e t h o d   u s e s  a b o d y   c u r t a i n   w h i c h  i s  
s t o r e d   o n   t h e   t o p   o f   t h e  s e a t  b a c k   b e n e a t h   t h e   u p h o l s t e r y .  
O r d i n a r i l y ,   t h e   c u r t a i n  i s  n o t   u s e d ;   h o w e v e r ,   i n   a n   e m e r g e n c y  
i t  wou ld   be  a s i m p l e  m a t t e r  t o   r e a c h   a b o v e   t h e   h e a d   a n d   p u l l  
t h e   c u r t a i n  down o v e r   t h e   b o d y   a n d   f a s t e n  i t  t o  t h e  s e a t  b e l t .  
T h i s   m e t h o d   o f   b o d y   r e s t r a i n t   h a s   t h e   a d l r a n t a g e   o f   n o t   i n t e r -  
f e r r i n g   w i t h   t h e   p a s s e n g e r   c o m f o r t   u n l e s s   a n   e m e r g e n c y   o c c u r s .  
.The c u r t a i n   w o u l d   b e   s u f f i c i e n t l y   p o r o u s   a n d   r e s i l i e n t   t o   p e r -  
m i t  b o t h   b r e a t h i n g   a n d   f o r c e   d i s t r i b u t i o n .   I n   a d d i t i o n   t o   t h e  
f a c e   c u r t a i n ,   t h e  s e a t  s h o w n   i n   F i g u r e   1 5   f e a t u r e s   e n e r g y - a b s o r b -  
i n g   l e g   s u p p o r t s   a n d  a h i g h  s e a t  b a c k   e x t e n d i n g   a b o v e   t h e   h e a d  
l e v e l   i n   o r d e r   t o   p r o t e c t   t h e   h e a d   f r o m   f l y i n g   o b j e c t s .  
E n e r g y   a b s o r b i n g   s u p p o r t s  a r e  s u f f i c i e n t l y  r i g i d  t o  r e s i s t  n o r m a l  
p a s s e n g e r   l o a d s ;   h o w e v e r ,   u n d e r   t h e  much h i g h e r   f o r c e s   o f  a 
c r a s h ,   t h e   l e g s   w o u l d   d e f o r m   a n d   a b s o r b   e n e r g y   i n   t h e   p r o c e s s  
o f  s e a t   s t r o k i n g .   F u r t h e r   s t u d y  i s  r e q u i r e d  o n  t h i s   t y p e   o f  
s e a t i n g ,   b o t h   f r o m   t h e   s t a n d p o i n t   o f   d e t a i l   s t r u c t u r e   a n d   f r o m  
t h e   s t a n d p o i n t  o f   a c c o m m o d a t i o n .  
O t h e r   f e a t u r e s   t h a t   m i g h t   b e   c o n s i d e r e d   i n   t h e   d e s i g n   o f  a s a f e t y  
s e a t  t o  meet p a s s e n g e r   r e q u i r e m e n t s   i n c l u d e   s u c h   t h i n g s  as  a i r  
s u p p l y ,   f o o d  t r a y s ,  r e a d y - t o - s e r v e   f o o d   p a c k a g e s ,   t r a s h   c o l l e c -  
t i o n   u n i t s ,   m i n o r   f i r s t - a i d   n e e d s ,   s m o k e - h e a t - v i s i o n   p r o t e c t i v e  
d e v i c e s ,   a n d   f l o a t a t i o n   g e a r .  
H o n e y c o m b   D e s i g n   f o r  Impact S u r v i v a l  
Aluminum  honeycomb i s  a n   e f f e c t i v e   m e c h a n i c a l   e n e r g y   a b s o r b e r  
a n d  i s  f i n d i n g   i n c r e a s e d   u s e   i n   t h e   c o n t r o l   o f   f o r c e s   t o   d e c e l -  
e r a t e  o b j e c t s .  l1 Mate r i a l s  s u c h  as  s p o n g e ,   s o l i d   r u b b e r ,   c o r k ,  
a n d   p a p e r   w a d d i n g   g e n e r a l l y   e x h i b i t   s p r i n g   c h a r a c t e r i s t i c s   w i t h  
a n  a t t e n d e n t   r e b o u n d   p r o b l e m .  
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Aluminum  honeycomb  has  the  unique  property of failing  at a con- 
stant  load  with  complete  dissipation of energy  that  would 
otherwise  be  released  in  rebound.  The  initial  peak  at  which 
compressive  failure  begins  can  be  eliminated  by  pre-crimping 
the honeycomb  core  to  produce  slight  initial  compressive  fail- 
ure.  When  exposed  to  further  loading  the  pre-crimped  core 
proceeds  to  carry  the  crushing  load  at a near  linear  rate. 
Such  control  appears  attractive in safeguarding  human  occupants 
in  aircraft  crash  conditions. 
As an  example  of  aluminum  honeycomb's  ability  to  attenuate  human 
impact  loads,  consider  this  representative  case: 
Assuming  the  impacting  mass  to  be  the  human  head  with a weight 
of  about  twelve (12) pounds  and  assuming  that  the  occupant  is 
restrained  by a seat  belt,  the  head  could  be  expected  to  impact 
a forward  surface  (instrument  panel,  seat  back,  etc) at a vel- 
ocity  of  over 40 ft/sec.  Under  these  conditions,  approximately 
320  ft-lb of kinetic  energy  would  be  dissipated  at  head  impact 
Without a yielding  material  to  absorb  this  energy,  death  is 
certain.  However,  rough  calculations  indicate  that  such  an 
impact  upon  an  aluminum  honeycomb  (3003  aluminum, 3/4 inch 
cell,  and a . 0 0 4  inch  foil  gage112  section  with a thickness 
somewhat  over 3 inches  could be tolerated  by  the  human  head. 
Kinetic  energy  atimpact = (11.5>(42>2  3 0  ft.-lb. 
2g 64.4 
2 
The  rate  of  deceleration  is  approximated by : A = v /2sc 
It  appears  practical  to pad areas  of  likely  body  contact  in  all 
types  of  aviation  vehicles  with  honeycomb or similar  material 
to  improve  survival. 
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GENERAL  AVIATION  SAFETY  IMPROVEMENT 
General  Aviation  Statistics 
U . S .  General  Aviation  includes  all  domestic  civil  flying  other 
than  scheduled  and  related  flying  of  public  airlines.  Over 
the  past  several  years  the  annual  flying  time  of  general  avia- 
tion  has  been  about  four  times  the  flying  time  of  domestic 
public  air  carriers. 
General  aviation  flying is categorized by five  types:  pleasure, 
business,  aerial  application,  instruction  and  commercial/miscell- 
aneous. 
General  aviation  pleasure  flying  accounted  for  about 25% of  the 
total  flying  hours  and  for  one-half  of  the  pilot  fatalities  in 
the  1962-63  period. 
The  second  highest  accident  mortality  rate  is  experienced  in 
commercial  air  taxi  service,fire  contr31  activities,  and 
miscellaneous  flying.  While  the  time  spent  in  commercial  fly- 
ing  is  nearly  the  same (25%) as  in  pleasure  flying,the  actual 
number  of  deaths  was  only  about  one-third  that  of  pleasure 
flying. 
Business  flying  has  experienced a somewhat  better  accident 
record  than  commercial  flying.  Business  flying  utilizes  air- 
craft  to  transport  executives,  sales  personnel,  etc.,  and 
accounts  for  roughly  two-fifths of the  total  flying  time in 
general  aviation.  In  1962-63  the  fatality  rate  for  business 
flying  was 3.5 per 100,000 plane  hours, or about 40 percent 
lower  than  for  general  aviation  as a whole. 
The  instructional  flying  category  consists  of  flight  training 
of  civilians  under  accredited  instructor  supervision.  One- 
sixth  of  the  total  flying  time  was  accounted  for by instructional 
flying  in  1962-63.  However,  this  type of flying  was  responsible 
for  only  one-twentieth of all  fatalities. 
General  aviation  data  presehted  in  this  section  are  for  all 
flying  categories  and  for  all  types  of  aircraft  and  includes 
over 90,000 aircraft  of  all  types.  This  is  twice  the  number of 
only  ten  years  ago  and  the  rapid  growth  continues.  Figure 16 
graphically  portrays  this  rapid  growth. 
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A n n u a l l y ,   o u t   o f   t h e   g e n e r a l   a v i a t i o n   a i r c r a f t ,   a b o u t   o n e   i n  
18 c a n   b e   e x p e c t e d   t o   h a v e   a n   a c c i d e n t   o f   s o m e   t y p e ;   o n e  a i r -  
c r a f t  i n  25  c a n   b e   e x p e c t e d   t o   r e c e i v e   s u b s t a n t i a l   d a m a g e ;  
o n e   a i r c r a f t   i n   9 0   c a n   b e   e x p e c t e d   t o   b e   d e s t r o y e d ;   a n d   a b o u t  
o n e   a i r c r a f t   i n   1 8 0   c a n   b e   e x p e c t e d   t o   i n c l u d e   f a t a l i t i e s .  
T h e   r e c o r d   o f   g e n e r a l   a v i a t i o n   ( F i g u r e   1 6 )   s h o w s   t h a t   a n   a c c i -  
d e n t   o c c u r s   f o r   e v e r y  4000 h o u r s   o f   a c c u m u l a t e d   f l y i n g  t i m e  
w h i l e   t h e   c o m m e r c i a l  a i r  c a r r i e r  r e c o r d   a v e r a g e s  5 0 , 0 0 0  
f l y i n g   h o u r s   b e t w e e n   a c c i d e n t s .  
F i g u r e  1 7  s h o w s   t h e   n u m b e r   o f   a c c i d e n t s   c u r r e n t l y  a t  5000 p e r  
y e a r ,  o f   which .  500 a r e  f a t a l ,   a n d   1 0 0 0   a i r c r a f t  a r e  d e s t r o y e d .  
T h e   a c t u a l   n u m b e r   o f   f a t a l i t i e s   h a s   i n c r e a s e d   t o   o v e r   1 0 0 0  
p e r  y e a r  i n   a p p a r e n t   p r o p o r t i o n   w i t h   t h e   i n c r e a s e d   n u m b e r   o f  
a i r c r a f t .   T h e   r a p i d   u p w a r d   t r e n d  i s  shown i n   F i g u r e   1 8 .  
A b r e a k d o w n   o f   g e n e r a l   a v i a t i o n   a c c i d e n t s   b y   p h a s e   o f   o p e r a t i o n  
f o r  y e a r  1 9 6 3  i s  s h o w n   i n   F i g u r e   1 9 .  I t  i s  r e a d i l y   a p p a r e n t  
t h a t   t h e   l a r g e s t   s i n g l e   p e r c e n t a g e   o f   a c c i d e n t s   o c c u r   d u r i n g  
l a n d i n g ;   h o w e v e r ,   o n l y  a s m a l l  number o f  t h e s e   e n d   w i t h   f a t a l i t i e s .  
M o s t   o f   t h e   f a t a l i t i e s   o c c u r   d u r i n g   n o r m a l   c r u i s e ,   o r   o t h e r  
i n - f l i g h t   c o n d i t i o n s   a s s o c i a t e d   w i t h   b a d   w e a t h e r ,   m a l f u n c t i o n   o f  
s y s t e m s ,  p i l o t   e r r o r   o r   u n e x p e c t e d   c o l l i s i o n .  
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INTERNAL IMPROVEMENTS 
Seat A t t a c h m e n t  
M a n u f a c t u r e r s   o f   g e n e r a l   a v i a t i o n   a i r c r a f t  a r e  o b l i g e d  t o  o b s e r v e  
t h e   r e q u i r e m e n t s   o f   F e d e r a l  A i r  R e g u l a t i o n s  P a r t  2 3 ,  A i r w o r t h i -  
n e s s   S t a n d a r d s :   N o r m a l ,  U t i l i t y ,  a n d   A c r o b a t i c   C a t e g o r y  Air- 
p l a n e s .   U n d e r   t h e   d e s i g n   r e q u i r e m e n t s   ~ p e c i f i e d   h e r e i n   t h e  
s e a t  s t r u c t u r e   w i t h   a n   o c c u p a n t   r e s t r a i n e d  by b e l t   o r   h a r n e s s  
s h o u l d   b e   c a p a b l e   o f   u l t i m a t e   f o r c e s  as f o l l o w s :  
Upward 3 . 0  g ( 4 . 5  g A c r o b a t i c   C a t e g o r y )  
F o r w a r d  9 . 0  g 
S i d e w a r d  1 . 5  g 
T h e s e   f o r c e  l imi t s  a p p l y   t o   m i n o r   c r a s h   c o n d i t i o n s   a n d   p r o v i d e  
a r e a s o n a b l e   c h a n c e   o f   e s . c a p i n g   s e r i o u s   i n j u r y ,   b u t   u n d e r  
c e r t a i n  c o n d i t i o n s  much h i g h e r   p e a k   g ' s  m a y  b e   e x p e r i e n c e d .  
S e a t s  m a y  b r e a k   l o o s e   u n d e r   t h i s   l o a d i n g   a n d   p o i n t   o u t   t h e  
n e e d   f o r   a n   e n e r g y   a b s o r b i n g  s e a t  a t t a c h m e n t .  
T h e   n e e d   f o r  full b o d y   r e s t r a . i n t  i s  a p p a r e n t   f r o m   F i g u r e  3 a n d  
f r o m   F i g u r e  2 0 ,  w h i c h   s h o w s   g - f o r c e   c u r v e s   o b t a i n e d   f r o m   c a t a -  
p u l t i n g   a n   i n s t r u m e n t e d  dummy h e a d   a g a i n s t  a t y p i c a l   u n p r o t e c t e d  
l i g h t   a i r c r a f t   i n s t r u m e n t   p a n e l .  As n o t e d ,   t h e   l o w e s t   i m p a c t  
v e l o c i t y   p r o d u c e d  a p e a k  g v a l u e   o f   o v e r  1 6 0  g .   T h e   r i g i d   p a n e l  
d i d   n o t   d e f o r m  s o  t h e   h e a d   i m p a c t e d   t h e   p a n e l   o v e r  a v e r y  s m a l l  
a r e a .  T h e   f o r e h e a d  i s  t h e   s t r o n g e s t   p a r t   o f   t h e   f a c e ,   b u t  i t  
c a n n o t   w i t h s t a n d  a f o r c e   o f  8 0  g ' s   o n   o n e   s q u a r e   i n c h   o f  a r e a  
w i t h o u t   f r a c t u r e .   T h e r e f o r e ,  a l l  i n j u r i e s   d e p i c t e d   i n   F i g u r e  20  
w o u l d   c a u s e   f a t a l   h e a d   i n j u r i e s .  
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HUMAN TOLERANCES 
T h i s  s e c t i o n  p r e s e n t s  a n u m b e r   o f   g r a p h i c a l  da t a  r e l a t e d  t o  
human t o l e r a n c e s   f o r   a c c e l e r a t i o n ,   i m p a c t ,   t e m p e r a t u r e ,   a n d  
d e c o m p r e s s i o n .   T h e s e   d a t a  were g a t h e r e d   f r o m  t h e  NASA SP-3006  
" B i o a s t r o n a u t i c s  Data Book"   and  FAA r e p o r t s  AM 6 6 - 1 2 ,   a n d  
AM 66-18  w r i t t e n   b y  J. J. S w e a r i n g e n ,   o f  t h e  c i v i l   A e r o m e d i c a l  
R e s e a r c h   I n s t i t u d e .   T h e s e   p a r t i c u l a r   g r a p h s   h a v e   b e e n   s e l e c t e d  
b e c a u s e   o f   t h e i r   d i r e c t   r e l a t i o n s h i p   t o   a i r c r a f t   a c c i d e n t   s u r -  
v i v a l .  
The g r a p h s   i n  t h i s  s e c t i o n  a r e  p r o v i d e d   m a i n l y  a s  s u p p l e m e n t a r y  
s u r v i v a l  c r i t e r i a  d a t a .  
F i g u r e  A-8 s h o w s  t h e  r e l a t i o n s h i p   o f  maximum a c c e l e r a t i o n   a n d  
o n s e t  r a t e  f o r   s t o p p i n g   d i s t a n c e s   f r o m  4 t o  8 i n c h e s   f r o m  a 
30 f t / s e c .   i m p a c t   v e l o ~ i t y . ~  The m o s t   e f f i c i e n t   u s e   o f   s t o p p i n g  
d i s t a n c e  i s  p r o d u c e d   b y   a n   i n f i n i t e   o n s e t  r a t e .  T h i s  i s  r e -  
p r e s e n t e d  b y  t h e  minimum g ,   i n f i n i t e   o n s e t   p o i n t   o f   e a c h   c u r v e .  
A t r i a n g u l a r  t i m e  h i s t o r y  i s  r e p r e s e n t e d   b y  t h e  maximum g e n d  
p o i n t   o f   e a c h   c u r v e .  The p o i n t s   b e t w e e n   t h e s e   t w o   e x t r e m e s  r e -  
p r e s e n t   t r a p e z o i d a l  t i m e  h i s t o r i e s  w i t h  s p e c i f i c   o n s e t  r a t e s  
a n d  a f i n i t e   c r u s h i n g  t i m e  a t  c o n s t a n t   g .   F o r   p r o t e c t i o n   o f  
h u m a n s ,   t h e  a r eas  o f   h i g h  g a n d   l o w   o n s e t  r a t e  a r e  o f  i n t e r e s t .  
S u p e r i m p o s e d   o n   t h i s   f i g u r e  a r e  t h e  a p p r o x i m a t e   a c c e l e r a t i o n  
t o l e r a n c e s  lo f o r  humans w i t h  a c c e l e r a t i o n   d u r a t i o n  t i m e  l a b e l e d  
f o r  e a c h  d a t a  p o i n t .  
F o r   i m p a c t   d u r a t i o n s   o f  l e s s  t h a n  0 . 0 7  s e c o n d s ,  i t  i s  a s s u m e d  
t h a t  t h e  b o d y   a c t s  as  a r i g i d  mass w i t h  n o  f l u i d  s h i f t s  o c c u r r i n g .  
T h o m p s o n   a s s u m e d   t h a t   s t r u c t u r a l  l i m i t s  f o r   b o d y   t i s s u e  a r e  
i n  e x c e s s  o f  2 0 0  g ,  a n d   c o n s t r u c t e d   t h e   t o l e r a n c e   c u r v e   o f   F i g u r e  
A-9.  T h e   m a g n i t u d e   o f   p e a k  g m a y  r a n g e   u p   t o   4 5  g f o r   i m p a c t s  
o f   g r e a t e r   t h a n  0 . 0 7  s e c o n d   d u r a t i o n ,   h e n c e   t h e r e  i s  i n f i n i t e  
s l o p e   f o r   t h e   t o l e r a n c e   c u r v e   i n   t h i s  a r e a .  F o r   i m p a c t s   o f  
l e s s  d u r a t i o n  t ime ,  u p   t o   a b o u t  200  g ,  t h e   t o l e r a n c e  limit i s  
r e p r e s e n t e d   b y  th'e c r i t e r i a  t h a t   2 v  = 1 0 0  (v= 50  f p s )   a n d  
f o r  t h i s  a r ea  t h e  t o l e r a n c e   c u r v e  i s  h o r i z o n t a l .   T h e   v a l i d i t y  
o f   t h i s   c o n c e p t  i s  i n d i c a t e d  b y  t h e   d a t a   p o i n t s   o n   F i g u r e  A - 9 .  
11 
B a s e d   o n  t h e s e  t e s t  r e s u l t s ,   a n d   s h o w n   i n   F i g u r e  A - l o ,  A . B .  
Thompson s t a t e s  t h a t  t h e  u l t i m a t e  human l i m i t s  t o  e n t i r e  b o d y  
i m p a c t ' i s   s o m e w h e r e   i n   t h e   r a n g e   o f  4 5  a n d   5 5   p s i   i m p a c t   f o r c e .  
T h e   p h y s i o l o g i c a l   s h o c k   y i e l d   p o i n t  l i e s  s o m e w h e r e   b e t w e e n   2 8  
a n d   3 2   p s i   f o r   t r a n s v e r s e   a c c e l e r a t i o n s .  
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HUMAN TOLERANCE TO TEMPERATURE 
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